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'  STUDY  OF  THE  RELATIONSHIP  BETWEEN 
/  CORONAL.  MASS  EJECTIONS 
■  And  ENERGETIC  ELECTRONS 
■  IN.  INTERPLANETARY  SPACE 


K-L  DaSiog,  S.  W.  Kohler,  V.  G.  Siolpovskii 


We  consider  time  characteristics  of  energetic  electron  events  in  interpian-  - 
etaxy  space  after  solar  flares  associated  with  coronal  mass  ejections  (CME). 
Analysis  of  electron  intensity-time  profiles  shows  that  independently  of  flare 
dnratiott.  times  to  electron  event  maximum  &om  flare  onset  and  from  electron 
event  onset  increase  with  increasiag  of  CME  veiociiy.  Possible  interpretation 
of  this  effect  is  electron  acceleration  by  CME  associated  shock  wave. 


1-INTK.ODlTCTION 

An.  important  problem  of  solar  energetic  particle  (SEP)  events  is  -wrlietiier 
SEFs  are  accelerated  in  impulsive  phase  of  a  dare  or  by  coronal  and  inter¬ 
planetary  slxocks  associated  vitb.  CMEs  (Coronal  Mass  Ejection).  As  a  whole 
particle  acceleration  by  shocks  is  widespread  phenomenon  in  the  heliosphere 
and  many  astrophysical  objects  [1].  Some  time  ago  it  has  been  recognized  that 
shocks  are  of  fundamental  importance  for  SEP  events  [2,  3]. 

As  for  observations  of  shock  acceierated  particles  there  are  clear  evidencies 
and  identifications  of  shock  particle  enhancements  at  energies  of  hundreds 
keV— MeVs  for  protons  and  up  to  tens  keV  for  electrons  [4].  Situation  with 
energetic  electrons  {E  >  Q.1  MeV)  is  not  so  transparent.  Energetic  electrons 
can  easily  escape  &om  the  shock  front  and  their  motion  has  another  time  as 
well  as  length  scales.  Moreover  they  can  go  away  and  greatly  outstrip  a  shock 
front. 

.  The  majority  of  observations  both  at  low  and  high  energies  concerns  pro¬ 
ton  events.  Direct  detailed  measurements  of  energetic  electron  component  of 
SEPs  are  less  numerous  and  its  relation  to  shocks  is  known  much  worse  than 
in  a.  proton  case.  The  main  ideas  on  accelerated  electron  dynamics  in  a  source 
and  solar  atmosphere  were  obtained  using  solar  X-  and  radioemissian  obser¬ 
vations  and.  are  extremely  model-dependent.  Their  application  to  electron 
events,  in  interplanetary  space;  gives  ambiguous  results.  So  better  understandr 
ing  of  an  intexxeiatibn  between  energetic  electron  duxes  and  shocks  may  be 
achieved  when  results  of  direct  electron  measurements  and  data  of  X—  and 
radioemission  observations  are  considered  together.  But  such  investigations 
are  not  numerous. 
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Tliere  ate  both-  pro-  and:  cantrau  aigjnnfiots  for  shock  subtelatiTistic  and 
relatiristic:  decteon  accderatioiL  '  Dbsarations  of  en^etic  electron  events 

lasting  &r  many' hoots  feElowiQg...large-flares'.[5]j  dectron'.evffits  ■without  hatd- 
X-tay  . association  [6}  and  other  argjnnesits:  [7]  can  be  supports  of  the  point  of 
Tiew,;  that  ^  energetic-  electrons  were  accelerated.in  long,  duratiou  process  and 
a  shock  source  is.a.possible  o^liansdionvfbr  these  events-  Soweverup  to  now 
the  /^Tmtribntfnn  tn  biterpl^etary  decjTOU&ges:  acceleration  In  coronal 

or  xoterplanetary  sho^s  is  poorlyunderstood. 

In.  [7}  we  stutEed  a^probaibiEty  of  shodc  acceleration,  of  >  70-keV  dectrons. 
ff  these  electrons.m  SEP  events.  can  atise.from-eithet  flares  or  shocks,  then 
we  sh***iTl^  e^ecf  that  the  electron  escape'  effidency  should  be  different  for 
flares  -with  a-nd  without  CME.  We  esthnated  an  esc^e  effidencj  comparing 
■maTimriTm  electron  flhx  with  hard  X— enusnon  fluence..  and  flnind  that  it  is 
some  higher  (by  factor  of  2)  .  in  the  case  of  fliares  associated  with  CME.  It 
may  be  considered  that,  the  shodr  electron  population  is-  camparable  to  that 
of  impulsive  component.  But  statistics  -was  not  rich  eaou^  and  only  well- 
coimected  events  were  taken  into  account.  So  the  conclusion,  must  be  cleared 
up.  ‘ 

In  the  present  papa  we  examine'  the  association  and  timing  of  flares  and 
CMEs  for  a  sample  of  24  SEP  events  observed  by  ISEE  3  from  1980  through 
1985.  We  examine  the  intensity— time  poflla  of  electitm  enhancements  to  see  if 
thae  is  any  distinction  m  profile  shape  in  the  casa  of  flares  ■with  and  ■without  _ 
GMEs.  lu  [8]  -we  have  considaed  >  0;3  MeV  electron  intensity-time  profifes  in 
SEP  events  according  to  Helios  data  -from  1979  through  1982.  It  ■was  assumed 
that  if  au  acceleration  occurs  dunng  an  extended  period  of  shock  propagation 
in  corona  then  tiTne  interval  for  which  SEP  intensity  rises  to  the  maximum  will 
be  longa  in  comparison  ■with  acceferatian  in  impulsive  phase,  of  a-  flare.  We 
established  that  on  the  avaage  rise  time  of  electron,  enhancemaits  related  to 
flares  with  CMEs  is  really  some  longa.  But  statistics  was  nuthi^  We  shall 
compare  relations  between  flare,  CME  and  elatron  enhancement  parameters 
obtained  for  a  sample  of  ISEB  3  events  with  those  ona  Earn  Helios  and  Phobos 
2  observations  [8,  9].  In  a  numba  of  casa  the  same  SEP  events  were  observed' 
by  Helios,  ISEE  3  and  Veieta. 

■  2i  DATA:  SOURCE  AND  PROCESSING  METHODS 

Data  considered  induda  an  information  on  SEP  events,  flara  and  CSdEs. 
Enagetic  particle  ftn-ra  were  measured  onboard  ISEE  3  which  was  in  the  inna 
Lagrangian  point  between  S'un  and  the  Earth.  Electrons  ■with  energy  between 
0.22  a-nrl  2.0  MeV  anrl  4-19  MeV  were  measured  in  the  GSFC  medhmt-enagy 
cosmic  ray  experiment.  Timp  resolution  of  electron  measurements  was  high 
pnnngb  and  we  used  15  min  .averaged  data  in  our  investigation  in  according  to 
[10]. 
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Sfc^daxd  iTiiV^r  m  Atinn :  Ahntit*  Iiard  X—  and 

radioemissfoiL  was  .takcn  :ficom  SoJar^-’GeopBysical  Data  and  from  Internet  net¬ 
work:'  In.  tie*  case-oCelectromagnetic  boxsts  we  nscinot-oidy  table  data  but 
afro:  2ntensity-“tim  mfcrinatiQni-  on  cpCTesponding  bard  X-bursts 

was -provided  by  liJLKBS' oBser7atibn5v'<^  • 

Hnr^g  p<»rfhdk. mnsidere^^  GMEs  were  observed  by^ the  Solwind  coro-^ 

nagrapk  <m>  P78-I  it-  distance^^^fi^  and  corona- 

grapb/polarimeter.  on  SMM^.  Data  of  Soi^d  observations  were  prepared  by 
N.a,  Sbeeley  [12].- :  In  tbe  case  of  .SMM;  observations  we  have  a  revised  and 
expanded  cat^ogue  [13].  wMcii  pennita  us  to  obtain  time,  velocity,  position 
angle' and  otber  parameters  of  CMEs  ^odated  witk  selected  SEP  events. 
Selection  of  electron  events  was  made  on  the  basis^  of  energetic  electron 
intensity-time  variations.  Sharp  intensity  rise,  foflowedby  more  or  less  gradual 
decay  of  electron  flux  was  considered  as  SEP  event.  Those  enhancements 
having  duration  more  than  3  hours  and  amplitude  execeeding  the  background 
by  3<r  were  taken  into  account..  According  to  3<r  condition  we  could  distinguish 
dectron  enhancements  with  the  amplitude  of  >  0.2  MeV  eIe<±ron  flux  greater 
than  0.05  partide/cm^  sec  sr. 

The  paxtide  source  identifications  for  the  majority  of  SEP  ev^ts 
considered  have  been  published  previously.  We  began,  however,  by  making 
flare/CME  associations  without  reference  to  these,  previous  studies.  We  used 
standard  method  of  identification  of  parent  flare  [14].  The  associations  derived 
were  essentially  the  same  as  those  arrived  in  earlier  studies.  But  our  event  list 
contains  a  number  of  smaller  events  which  were  not  induded  in  previous  lists. 
The  observer's  magnetic  footpoint  was.  determined  by  the  method  de¬ 
scribed  in  [15],  talring  iato  accoxmt  the  real  solar  wind  velodty.  For  recalculat¬ 
ing  times  of  electron  intensity  maxknom  from  one  angular  distance  between 
magnetic  footpoint  and  flare  site  to  another  one  it’s  necessary  to  employ  some 
model  notions.  We  used  idpas  of  snnple  difiision  model  and  took  into  account 
a  difference  of  angular  distances.  Here  we  used  formalism  of  coronal  prop¬ 
agation  [16]  which  is  supposed  to  be  independent  of  the  physical  content  of 
^enomena  considerecL  So  we  used  appradxnation  foimnlae  for  coronal  prop- 
agaticn  of  >  (1.5  McV  electrons  from  [17]  and  recalculated  them  to  0.2  MeV . 
A  fit  to  the  data  was  perform^  by  assuming  that  the  constant  delay  within 
certain  distance  =  26  (Fust  Propagation  Begian)  is  due  to  inter¬ 

planetary  propagaticHi  and  that  time  to  maxinsxm  tmincreases  linearly  beyond 
Thm  may  be  apnxiimated  by  the  next  fiumnla. 

t„.(iAU,.v>):  =  T8^-4J.(9>-26):,I^  '  (1), 

where  the  first*  and  the  secoxiui  terms;  describe  mterpiBcetary  to  r  =  1  AT7  and 
coronal  propagatioiL,  respectively.  .  . 

^We  snppose  that  there  mnst  be  some  correlation,  between  rise,  time  of  SEP 
event  and.  a  veiocity  of  coronal  shock.  Let  tis  suppose  for  simplicity  that  CME 
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yeiodty  is'  vntJi.  constant  accd^ation  and  CME  driren  sB.o<±  can 

accelerate  electrons  if'siiock  ydocitj  is  liigher  tlian  sonie  Let  the  CME 
speed  rises  tiU  the  yalne  Vq.  Then,  the  time  dizcmg  which  electnms  should 
he  shock  accelerated  increases  with  .indreasing  Yo  and  a  distance  that  ,  shock 
travels  dtning  this  time  also  increases  with  increasing''^..  In  a. case  of  danstant 
CME  and  shock  speed  distance  at  whidh:sho<±  can  accelerate  partides,  wonld 
be  traveled  bj  the  shock  in  a.time  decreasing- with  increase  ofT^^  As  amattter' 
of  fact  it  is  necessary  to:  take  into  accoimt  ’damping.  of  shock  and  decreasing 
of  ambient  plasma  density  b'at  as  a  whole -the  character  of  vs  t  dependence 
wotdd  be  the  same:  t(T^)  — .  decreasing  fnnction,  if.7"  =  “5^  =  const,  and  t(K») 
—  increasing  fimction,  if  CME  acceleration  or  deceleration  takes  place. 

So  as  we  know  about  acceleration —  decderation  of  the-  diode,  we  are 
'waiting  as  a  resnlt  of  our  investigation  that  rise  time  of  SEP  event  is  increasiag 
function  of  GME  traveling  speed,  because  the  injectiou  contixmes  for  longer 
times  -with  faster  CMEs,  and  a  size  of  injectian  region  increases  faster  than 
linearly  -with  CME  speed.  Preliminary  mvestigation  [8]  showed  that  there  is  a 
tmdency  of  increasing- rise  time  vs  CME  speed. 

If  the  cone  containing  CME  intersects  -with  limb  plane  then  measured  CME 
velodty  is  the  real  one.  If  not,  we  obtain  the  “real”  CME  velodty  by  recalcu¬ 
lation  of  the  nearest  to  the  sky  plane  forming  of  the  CME  cone.  Eecalculated 
Vcme  is 

Kale  =  Pcmb/cos(^- o/2)  ,  (2) 

where  £  is  an  angle  between  radial  hare  extension  and  the  sky  plane, 

(  =  arccos  jeos^  d  •  sin^  B  +  sin^  .  (3) 

Angle  a  in  (2)  is  a  real  dimension  of  CME  cone, 

a  =  2arctg  [tg(U  /2)  •  cos  «].  w 

> 

angle  D'  is  dimension  of  CME  cone  in  the  sky  plane. 

4.  RESULTS  AND  DISCUSSION 

ISEE  data  list  indudes  24  events  obtained  at  1  ATT  and  is  shown  in  the 
table. 

Here  “1”  is  event  number;  “2” — event  date;  “3”  — flare  location;  “47  — 
CME  initial  position  angle  and  -width  (in  parenthesies);  “5”  —  CME  velodty, 
km/s;  “6”  —  CME  velodty,  calculated,  according  to  (2),.km/s;  “7”  —  angniai- 
distance  FFE  means  that  observation  point  is  projected  to  fast  propagation 
region;  “8”  —  time  to  Tnaxiiimm  of  electron  event  corrected  acceding  to  (1), 
bis;  “9”  —  electron  event  rise  time,  hrs;  time,  hrs;  “10”  —  soft'X-rays  duration 
(L  —  Icmg,  >  1  hour,  S  —  short,.  <  1  hour). 
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In  Fig.  1  we  present  time  to  mazumnn.  (a)  and  rise  time  (Ti)  7S  calcniated 
Vane.  Events  13,  14  and  18  of  the  table  were  exdnded  &om.  the  fig¬ 
ure  ■  as.  the  cQCiesponding  flares  were  in  opposite  hemispheres  with  observed 
CMEs.  Two  points  with  highest' ^hes  of  tm,  and  concern  MM  10  and 
11  events.  We  compared  these  values  with  and  obtained  by  Seiios 
aT»6  Venera,  observations  [6,  7].  In  the  case  of  Nov.  14, 1981  event  Venera  was 
near  the  Earth  and  values  and  were  4.2  hrs  and  4.0  brs,  respectively. 
For  Dec.  5,  1981  event  Helios  and  Venera  were  located  at  r  =  0.95  ATJ  and 
r  =  0.44  ATT,  respectively..  Venera‘s  magnetic  footpoint.  was  in  FPR,  angular 
distance  for  Helios  was  E95.  Noninalized  valnffl  tm  ’^ere  7.0  and  8.1  hrs  for 
Venera  and  Helios,  respectively.  Thns  high  values  ,  of  and  tnse'  obtained  in 
three  different  points- are  practicaEy  the  same.  It  seems  that'  these  events  are . 
related  to  disturbances  which  could  be  caused  by  filament  dissapearauce.  For 
Dec.  5, 1981  it  was  proved  iu  [18]‘.  It  confirms  that  energetic  electrons  can  be 
accelerated  by  CME  driven  shock. 

We  see  from  Fig.  1  that  and  tnae  are  slowly  increasing  -with  increasing 
VcME  and  that  all  values  oftm  and  tose  are  less  for  non-CME  associated 
flares  than  for  CME-assodated  ones.  Open  drdes  are  for  L,  dark  points  — 
for  S  events.  As  there  is  no  difference  between  L  and  S  events  in  Fig.  1  one 
may  condnde  that  cind  are  caused  rather  by  time  extended  shock 
acceleration  than  by  flare  duration. 

'  PafioTa  iio^}tep:scaEa  rpanroM  PO<£>H  M  94—02—04453  h  rosTpasTOM 
S?C-94r4071  c  BOARD. 
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